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ABSTRACT

Pasta was prepared with all-purpose wheat flour, sweet
potato (SP) flour or puree, defatted soy flour (DSF), whole
egg, salt, and water.

The objectives of Experiment 1 were

to determine the effects of SP and DSF on proximate

composition, color, 6-carotene, cooking loss, and sensory
attributes of pasta.

From Experiment 1, 2 formulations were

selected for further investigation.

In Experiment 2, the

objective was to determine the effects of packaging
atmosphere, storage temperature, and storage period on

color, moisture and B-carotene contents, and sensory
attributes of pasta.
From Experiment 1, the addition of SP to the control

pasta decreased crude protein and carbohydrate, increased
ash and total dietary fiber, and had no effect on crude fat.

The DSF decreased crude fat and carbohydrate and increased

crude protein, ash, and total dietary fiber of SP-containing
pasta.

The SP as an ingredient in pasta reduced Hunter L

and increased 'a' and 'b.'

The DSF reduced Hunter L and 'b'

and had no effect on 'a' of SP-containing pasta.

B-carotene

was increased with addition of SP, but was unchanged with
addition of DSF.

The level of B-carotene in SP- and DSF

containing pasta was sufficient to provide 57.7% of the
Recommended Dietary Allowance of retinol equivalents for an
adult male and 72.1% for an adult female.

Cooking losses

were increased by addition of SP but were affected further
V

only slightly with addition of DSF.

The SP flour at 10%

increased color and overall acceptabilities, but had no
effect on flavor acceptability. Puree of SP had no effect on

acceptability.
pasta.

The DSF did not effect acceptability of the

Neither SP nor DSF affected pasta tenderness.

The

SP puree reduced pasta stickiness while SP flour had no
effect as DSF.

From Experiment 1, the 2 formulations selected were 10%

DSF with 10% SP flour and 10% DSF with 15% SP puree.

In

Experiment 2, pasta with 10% SP flour had the higher L and

'b' values, while pasta with 15% SP puree had the higher 'a'
values.

Packaging atmosphere did not influence Hunter color

values.

During storage, L and 'b' of samples packaged under

vacuum or air increased and 'a' decreased.

Storage

conditions had minor effects on moisture change.

Overall,

pasta with 15% SP puree had the greater amount of 6-carotene

than pasta with 10% SP flour; storage at 4.4°C yielded pasta
with a greater amount of S-carotene than did storage at 2230°C.

level.

Packaging atmosphere had no effect on B-carotene

During storage, B-carotene of samples packaged

either under vacuum or under air decreased.

Overall, pasta

with 10% SP flour was scored as "like moderately" or higher,
while the storage conditions influenced acceptability scores
to a minor degree.
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CHAPTER I

INTRODUCTION

Pasta products are consumed widely throughout the

world.

Popularity of this group of products is due to the

ease of preparation into different convenience foods,
excellent taste, long shelf life in the dry form, and

important nutritive value (Costantini, 1986; Duxubury, 1992;
Giese, 1992; Matsuo, 1975).
As a popular food among the people of Indonesia, noodle

consumption has increased with an increasing population.

As

a result, wheat imports into Indonesia will increase rapidly
since wheat is not produced locally.

On the other hand,

other starch sources such as sweet potato, sago palm, and
cassava are either available or possess potential for

increased availability.

In 1990, approximately 241,000 ha

of land in Indonesia were devoted to sweet potato
cultivation with the production of about 2.18 million metric
tons (FAO, 1991).

Vitamin A deficiency and protein-energy malnutrition
(PEM) continue to remain nutritional problems in Indonesia.
Vitamin A deficiency, which affects about 50% of the

preschool children in Indonesia, results in xerophthalmia
and leads to 3—4/1000 (about 100,000) preschool children

becoming blind each year (Khor et al., 1990). According to
West et al. (1989), approximately one-fourth of the 600,000

child deaths occur each year in Indonesia from vitamin A
deficiency.

In addition, PEM affects about 30% of the

preschool children.

Addition of vitamin A and protein sources to popular
Indonesian pasta products may be an approach to help
overcome these nutritional problems.

The pasta products are

deficient in vitamin A and adequate protein.

Sweet potato

(SP) and soy flour are excellent sources of vitamin A

precursor and protein, respectively.

Sweet potato of the

orange-fleshed cultivars is rich in B-carotene (provitamin
A) and contains sufficient quantities to provide several

days' supply of vitamin A per serving (Collins and Walter,

1985).

According to Haytowitz and Matthews (1984), 100 g

baked-in-skin SP provide approximately 2,182 RE vitamin A.

Soy flour contains a relatively high protein content,
approximately 50% on a defatted, dry basis, which is
composed of an excellent amino acid profile as compared to

other vegetable protein sources.

The relatively high lysine

but low methionine contents of soy protein make it an
effective complement to cereal grains which are low in

lysine and high in methionine contents (Bressani, 1981).
The objectives of this experiment were to determine

certain chemical, physical, cooking loss, and sensory
characteristics of pasta prepared with wheat flour, sweet
potato flour or puree, and defatted soy flour, as major

ingredients (Experiment 1) and, for selected formulations,
to determine effects of packaging atmosphere, storage
temperature, and storage period on color, moisture and

B-carotene contents, and sensory attributes (Experiment 2)

CHAPTER II

LITERATURE REVIEW

A.

GENERAL ASPECTS OF PASTA

The term pasta includes a group of wheat-based foods

that includes 2 broad categories: macaroni and noodle

products.

Macaroni includes macaroni itself, spaghetti, and

vermicelli.

Similarly, noodles are available in a variety

of sizes and shapes (CFR, 1992; Drake et al., 1989; Matz,
1991).

Generally, pasta products are prepared from semolina,

while noodle products are prepared from wheat flour.

Macaroni processing includes formation of dough, extrusion
through a die, and drying.

Unlike macaroni products,

noodles are not extruded, but are sheeted and cut (Dick and
Matsuo,1988; Hoseney, 1986; Matsuo, 1975; Matz, 1991).

Pasta products may be differentiated by their specific
formulation, manufacturing process, shapes, sizes, and other
physical forms (Dick and Matsuo, 1988; Penfield and
Campbell, 1990).

The origin of pasta products is not well known.

Italy

has been regarded as the home of pasta since the names of
pasta products such as macaroni, spaghetti, and lasagna
sounded Italian; and new shapes of pasta have been

introduced with Italian-sounding names (Matsuo, 1975).
Noodles, however, were known in China from about 5000 B.C.

and introduced into Japan about A.D. 600 (Dick and Matsuo,
1988; Matsuo, 1975).

According to Hoseney (1986), noodles

become popular throughout Asia.

Approximately 40% of the

wheat consumption in Asia has been through preparation of
noodles.

B.

NUTRITIONAL VALUE OF PASTA

Nutrient content of pasta varies according to the
variety and type of ingredients used in preparation.

On the

wet weight basis (WWB), dry raw pasta contains 7.74-10.25%
water, 12.78- 19.86% protein, 1.40-4.55% fat,

0.70-1.93%

ash, 2.4-11.8% total dietary fiber, 67.56-75.03%
carbohydrate, and 348-382 kcal energy.

Protein-fortified

pasta contains a relatively high protein content of 19.86%.

Spinach and whole-wheat spaghetti contain approximately 10.6
and 11.8% total dietary fiber, respectively.

Fresh-

refrigerated and Chinese-type pasta products contain

slightly lower protein levels.

Most pasta products do not

contain cholesterol except for fresh-refrigerated pasta,
homemade pasta with egg, and dry egg noodle which contain

73, 41, and 95 mg cholesterol/100 g pasta, respectively
(Drake et al., 1989).

Predominant minerals in pasta products are potassium,
phosphorus, magnesium, calcium, and iron with the range of
83-376 mg, 21-332 mg, 46-174 mg, 15-58 mg, and 1.16-4.73

mg/100 g, respectively, of product as received.

Niacin is

the only vitamin found in substantial amounts in pasta,
5

ranging from 1.26 to 8.03 mg/100 g.

A small amount of

thiamin and provitamin A in the range of 1.02-1.87 mg/100 g
and 16-40 RE/100 g, respectively, was found in protein-

fortified, vegetable, and egg pasta products (Drake et al.,
1989).

Consumption of pasta may lower cholesterol level in
blood serum and, thus, may reduce cardiovascular disease
mortality, be helpful in managing diabetes, and be useful to

individuals suffering from intolerance to soft wheat, rye,
and barley (Costantini, 1986; Giese, 1992).
C.

INGREDIENTS OF PASTA

Generally, basic ingredients used for production of the

various pasta products consist of a group of similar items;
wheat and water are the main ingredients (Giese, 1992;

Hoseney, 1986).

In the United States, macaroni, spaghetti,

and other pasta products generally are prepared from

semolina.

Semolina with its high yellow pigment content

produces products with bright yellow color which is

associated with consumer acceptance (Hoseney, 1986; Matsuo,
1975; Matz, 1991).

The United States Standards of Identity

allow for the use of flours in pasta other than semolina

such as durum wheat flour, farina, wheat flour, and some
optional ingredients (CFR, 1992).

For noodles the ingredients are added with egg

according to the United States Standards of Identity (CFR,
1992). Asian—produced oriental noodles usually are prepared
6

from common wheat flour but do not contain egg (Hoseney,
1986; Oh et al., 1983).

Chinese-type noodle is prepared

with a 2% mixture of sodium and potassium carbonates and 2%

sodium chloride (Matsuo, 1975).
Substitution of semolina or wheat flour in pasta
production with other ingredients for various purposes has
been studied.

Prior to 1969, General Foods Corporation in

the United States successfully developed a pasta product by
incorporation of atypical ingredients.

The product, called

Golden Elbow Macaroni, was prepared from yellow corn flour,
defatted soy flour, and hard wheat flour with each

ingredient to consist of not less than 50%, 27%, and 10%,
respectively, based on baker's percentage.

The protein

content of the product was increased from 12.5% to 20.5%

with a protein efficiency ratio (PER) similar to that of

casein.

Another company, reportedly, developed a high-

protein pasta from 73% durum wheat flour, 25% soy flour, and
2% egg white, but it was inferior in taste and color
(Banasik, 1975).

Molina et al. (1982) used heat-treated corn flour to

substitute for up to 75% semolina to prepare pasta with the
addition of 8% defatted soy flour or 0.3% L-lysine to

improve the nutritional value.
possessed a high PER.

The resultant pasta

Pasta quality, in terms of resistance

to disintegration and sensory evaluation, decreased

significantly when semolina in the mixture was lowered to
less than 40%.

Spaghetti which was supplemented with corn distillers'

grains up to 10% was reported acceptable and possessed

increased protein content (Wu et al., 1987).

Also,

Abecassis et al. (1989) developed an acceptable pasta
product from a blend of semolina and maize flour (33:66
w/w).

They successfully improved the cooking quality of the

products by subjecting pasta to high temperature (90 to
120°C) during drying.

Color characteristics were unaffected

when the heat treatment remained below 100°C.

Mestres et al. (1990) studied the effects of lipid

content and particle size of maize flour on cooking quality
of maize pasta prepared with the formulation of Abecassis et
al. (1989).

They found that pasta made with maize with a

lipid content of less than 2% (DM) or made with finely
ground flour had excellent cooking qualities.
Matsuo et al. (1972) studied the effects of addition of

rapeseed meal, fish protein concentrate, soy flour, or egg
albumin on the cooking quality of spaghetti.

They found

that the addition of rapeseed flour or fish protein of up to
10%, or 5% soy flour increased the protein content, but
impaired the cooking quality of spaghetti.

Addition of 5%

egg albumin increased firmness and decreased compressibility
of the product.

The effects of full-fat and defatted soy flours on the

quality of noodles prepared from semolina or wheat flour

were studied by Singh et al. (1989).

Cooking losses were

increased by added 10% full-fat or defatted soy flour.
Noodles containing 10% defatted soy flour had overall
acceptability similar to noodles prepared with semolina
alone..

Attempts to increase the protein content and quality of
pasta products by substituting high protein ingredients for

semolina or wheat flour have been reported.

McCormick

(1975) reported the effects of substitution of semolina with

torula yeast, produced from ethanol, on texture, flavor, and
nutritional value of pasta products.

Substitution of

semolina with 9% torula yeast and 6% soy isolate increased
protein content from 15.5 and 24% and increased PER values

approximately 2-fold.

The products were elastic and

possessed satisfactory cooking qualities and a slight mealy
flavor.

Seibles (1975) reported on the fortification of

macaroni with heat-coagulated protein obtained from cottage
cheese whey and found an increased protein content from 13%

to about 20% with a corrected PER of 2.5.

The product was

preferred over other commercially protein-enriched macaroni

products.

Similar studies of enrichment of pasta with

various types of cheese whey proteins were reported by
Schoppet et al. (1976).

Nielsen et al. (1980) studied the qualities of pasta
prepared from wheat flour fortified with 30% pea flour or
20% air-classified pea protein concentrate.

Fortification

increased protein content up to 22.1% for noodles and up to
24.1% for spaghetti.

Addition of pea flour and protein

concentrate reduced cooking time of noodles but increased

cooking losses.

Sensory characteristics of color, flavor,

and texture were comparable to those of 100% wheat pasta.

Pea products imparted a desirable yellow color to the pasta.

Fortification of spaghetti with 10% and 15% edible legume
flours reportedly increased protein, ash, and fiber contents

of spaghetti and improved the lysine-sulfur amino acid

balance (Bahnassey et al., 1986).

Chompreeda et al. (1987)

developed acceptable Chinese-type noodles

by substituting

durum wheat flour with up to 15% defatted peanut flour.

A

similar study was continued using cowpea flour of up to 8%
as recommended supplementation (Chompreeda et al., 1988).
Bahnassey and Khan (1986) reported on the qualities of
spaghetti prepared from semolina blended with 3% vital wheat

gluten and fortified with 0 to 25% legume flours or legume
protein concentrates.

Increased fortification decreased

cooked weight and increased cooking loss and firmness

scores.

Addition of surimi to fresh pasta decreased the

cooked firmness of the pasta (Kim et al., 1990).
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D.

PASTA QUALITY

Pasta quality is based primarily on the color,

appearance, textural properties, and cooking quality (Cole,
1991; Dick and Matsuo, 1988; Dick and Youngs, 1988; Hoseney,
1986; Larmond and Voisey, 1973; Oh et al., 1983; Penfield

and Campbell, 1990).

Cooking quality includes cooking loss,

cooked weight, firmness, and stickiness.

Desirable pasta

should appear translucent and uniformly bright yellow, have
a smooth surface, not release excessive solids into the

cooking water that will increase cooking loss, be resistant
to overcooking, not be sticky, and possess a firm bite.
Protein content and quality, starch-to-protein ratio,

lipid content of ingredients, and drying process used in
preparation are the main factors that affect pasta quality

(Dick and Matsuo, 1988).

Walsh and Gilles (1971) reported

that wheat of high albumin and glutenin contents resulted in

poor spaghetti color.

A high glutenin content, but low

gliadin content, increased firmness of spaghetti.

Matsuo et

al. (1972) found that higher protein content improved
cooking quality of spaghetti.

Sgruletta and Stefanis (1989) reported that acetic
acid-insoluble residue protein was more efficient than the

total protein content for predicting pasta cooking quality.
Cooking quality scores increased as acetic acid-insoluble
residue increased.
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Dexter and Matsuo (1979) reported the effects of

amylose content on spaghetti cooking quality.

As the

proportion of amylose increased, cooking quality increased
and the cooked pasta became firmer.

Removal of nonpolar lipids of semolina increased

stickiness and cooking loss of spaghetti.

Addition of

commercial monoglycerides decreased stickiness and improved
tolerance to overcooking of spaghetti (Matsuo et al., 1986).

Drying rate is one of the most important factors

affecting pasta quality.

Drying at too fast a rate will

cause the product to check (the formation of numerous

hairline cracks in the products), while drying at too slow a
rate may permit stretching of long products, and allow

souring or mold growth (Dick and Matsuo, 1988; Hoseney,
1986; Matz, 1991).

Conventional drying involves temperature

of not higher than 60°C, while high temperature drying
involves application of temperatures varying between 65 and
80°C (Matz, 1991).
Wyland and D'Appolonia (1982) studied the effect of

drying temperature on spaghetti quality prepared from a

blend of farina and semolina.

Increasing the drying

temperatures from 40 to 80°C improved spaghetti color,

increased firmness value, and decreased cooking loss.
Similar results were reported by Aktan and Khan (1992) on
spaghetti prepared from durum wheat with weak and strong
glutens.
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E.

GENERAL ASPECTS OP SWEET POTATO

The sweet potato (SP) originated in Central or South

America from where the crop was transferred into other parts
of the world by Portuguese and Spanish explorers through
three dispersion lines, "kamote," "batata," and "kumara"

(Nishiyama, 1982; Yen, 1982).

Through the "kamote" line the

vegetable was transferred from Mexico to Micronesia, then to
the Philippines, China, and Japan.

Through the "batata"

line the SP was transferred from certain Caribbean islands

to Europe, then to Africa, India, Indonesia, New Guinea, and
Melanesia.

Through the "kumara" line the crop was

transferred from Peru, Ecuador, and Colombia to Polynesia
and later to some of Pacific islands and New Zealand.

The SP fIpomoea batatas Lam) belongs to the

Convolvulaceae or Morning Glory family, a group consisting
of about 50 genera and more than 1000 species.

Among the

many species, only Ipomoea batatas is economically important
and grown as a commercial and home garden commodity (Edmond
and Ammerman, 1971; Thompson, 1929; Woolfe, 1992).
There are many cultivars of SP that are classified into

2 main groups: those for feed and industrial uses and those
for food use.

The food types are divided into cultivars

with soft or moist flesh and cultivars with firm or dry
flesh when cooked (Edmond and Ammerman, 1971).

The SP of

dry texture and white or yellow flesh color are preferred in
most parts of the world, including Asia and the Pacific
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areas, while SP of the moist texture and deep orange colored
flesh are preferred only in developed countries,

particularly in southern United States (Bourke, 1982; Lin et
al., 1985; Villareal, 1982).

In the United States, the

moist fleshed type is called "yam," a misnomer

since the

name belongs to another plant, Dioscorea spp. (Edmond and
Ammerman, 1971; Thompson, 1929).

The term "yam" was used

originally to increase sales of SP in major cities of the
United States.

Optimum growing conditions for SP include relatively
high light intensity and sandy or clay loam soils with a
tropical climate (Bouwkamp, 1985a; Lin et al., 1985).
However, the crop grows successfully under a wide range of

climatic conditions, from tropical to mid-temperate regions
(Lin et al., 1985).

In 1990, world production of SP was reported at 131.7

million metric tons with the major producing regions in Asia
(92.5%) followed by Africa, South America, and North America

of 4.7%, 1.2%, and 1.1%, respectively (FAO, 1991).

China,

the main producing country, is followed by Indonesia and

India in SP production.

In the United States, the major SP

producing states in descending order of production are North

Carolina, Lousiana, and California (USDA, 1992).
The SP roots are suitable for harvesting 3-8 mo after
planting, depending upon climatic conditions.

Before

storage, harvested roots are cured by holding at 30-33®C and
14

85-95% relative humidity for 5-7 da to promote wound healing
and periderm formation.

The cured roots are stored at 13-

16°C and 80-85% relative humidity.

All these treatments

minimize root lose by disease and loss of moisture during
storage (Woolfe, 1992).
The SP crops are consumed as human food in the form of

baked, canned, dehydrated, or precooked frozen products.
The SP may be incorporated also with other ingredients to
produce food products.

Kays (1985) reviewed the use of SP

in bakery products such as the use of SP flour to substitute

for up to 20% wheat flour in bread products and up to 30% in
cake mixes.

Hamed et al. (1973) reported that the addition

10 parts SP flour to 100 parts wheat flour in a bread

product increased acceptability and yield of the bread.
Collins and Abdul Aziz (1982) replaced wheat flour with

up to 21% SP flour or puree (solids basis) to produce yeast-

raised doughnuts without lowering their overall quality.
Manu (1991) developed a fabricated chip product from SP

flour and white potato flour.

Chips with up to 50% SP flour

were acceptable.

P.

NUTRITIVE VALUE OP SWEET POTATO

The SP is an excellent source of many dietary nutrients

which can provide up to 90% of the nutritional requirements
for all except protein and niacin (Bouwkamp, 1985b).

On

average, 100 g cooked, SP baked-in-skin contains 72.85 g

water, 1.72 g protein, 0.11 g total lipid, 0.80 g fiber,
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1.06 g ash, and 24.27 g carbohydrate and provides 103 kcal

(433 kJoules) energy (Haytowitz and Matthews, 1984).

According to Collins and Walter (1982), a 113-g serving of
SP can supply 5% of the energy requirement per day for a 23to 50-year-old male.

Although the protein content of SP is low, its protein
quality in terms of the PER, the essential amino acid

pattern, and net protein ratio is relatively high (Collins

and Walter, 1982, 1985).

According to Winarno (1982), SP in

combination with legumes could be an ideal food to prevent
protein-energy malnutrition in developing countries.
The SP is rich in vitamins, particularly provitamin A
(6-carotene).

Baked-in-skin SP contains 2,182 RE

(provitamin A)/100 g (Haytowitz and Matthews, 1984), about
218% of the Recommended Dietary Allowance (RDA) for an adult

male and about 273% of that for an adult female (NRC, 1989).
However, the white fleshed or cream colored SP are poor

sources of vitamin A (Collins and Walter, 1985). The 100 g
amount of SP also provides 24.6 mg of vitamin C (Haytowitz
and Matthews, 1984) which is about 41% of the RDA

requirement for an adult male or female (NRC, 1989); in

addition, 100 g SP provide 0.07 mg thiamin, 0.13 mg
riboflavin, 0.60 mg niacin, and 0.65 mg pantothenic acid
(Haytowitz and Matthews, 1984).
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The predominant mineral present in SP is potassium with
348 mg/100 g cooked material.

Calcium, iron, magnesium, and

phosphorus are present in small amounts of 28, 0.45, 20, and
55 mg/100 g, respectively, of cooked SP (Haytowitz and
Matthews, 1984).

G.

SOY FLOUR AS AN INGREDIENT

Soy flour is the finely ground material obtained by
grinding full-fat cotyledons or defatted flakes of Glvcine

max of which at least 97% will pass through a
screen (Circle and Smith, 1978).

100-mesh

Flour includes various

types of products which are differentiated basically by
their protein and fat contents.

Full-fat soy flour contains

a minimum 18% fat, all of the amount which was present
originally in the raw

soybeans and a minimum 36.5% protein.

High-fat flour is produced by adding soy oil to defatted soy
flour to a level of about 15%.

Low-fat soy flour is

produced either by partial removal of the oil from soybeans
or by adding soy oil to defatted soy flour to a level of 5
to 6 %; the flour contains a minimum 41% protein.

Defatted

soy flour is produced by the almost complete removal of the
oil from soybeans and contains protein of minimum 50% and
fat of about 1% (ASA, 1983, 1989; Circle and Smith, 1978;
Dubois and Hoover, 1981).

On average, 100 g defatted soy flour contains 7.25 g

water, 51.46 g protein, 1.22 g fat,

6.15 g ash, 4.27 g

crude fiber, 33.92 g carbohydrate, and 327 kcal (1,368
17

kJoules) energy.

The 100 g amount provides considerable

amounts of potassium (2,384 mg), phosphorus (674 mg),

magnesium (290 mg), calcium (241 mg), and iron (9.24 mg) and
a small amount of vitamin A precursor (4 RE) (Haytowitz and
Matthews, 1986).

In addition to high levels of protein content, soy
protein contains a higher amount of essential amino acids

than the FAG/WHO pattern, except for methionine and cystine

(Del Valle, 1981; Weingartner, 1987).

The relatively high

lysine content of soy protein makes it an effective

complement to cereal grains which are low in lysine and high
in methionine (Bressani, 1981).

Besides the high protein content and quality, soybeans
also contain

some antinutritional components such as

antienzymes (i.e. trypsin inhibitors), hemagglutinins,
urease, phytic acid, goitrogens, allergins, saponins,
sterols, and phenolic compounds (De Valle, 1981;

Weingartner, 1987; Wright, 1981).

These components are

inactivated and destroyed with heat treatments during
processing of soy products.

Due to their functional and nutritional properties, soy
flours have been used widely as ingredients in various types
of food products (Bressani, 1981). Use of soy flours in

bakery products was outlined by Dubois and Hoover (1981).
Soy flours have been used to improve nutritional values of

macaroni products (Banasik, 1975), spaghetti (Matsuo et al.,
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1972), noodles (Singh et al., 1989), and other pasta
products (McCormick, 1975; Molina et al., 1975).
Collins and Falasinnu (1977) investigated a dough-like
food product (fufu) prepared from yam fPioscorea spp.) flour
and soy flour of up to 10% (solids basis) to increase the

protein content.

With added soy flour, protein content was

increased about 10 times over that of the control sample.
Full-fat soy meal and cheese (Monterey Jack) of up to 30%

(corn meal basis) was used to improve protein quality of

tortillas (Collins and Sanchez, 1980).

Defatted soy flour

was used successfully to replace up to 20% cassava flour to

increase protein content of a dough-like product (Collins
and Temalilwa, 1981).
H.

STORAGE STABILITY OP B-CAROTENE IN DEHYDRATED FOODS

B-carotene serves as the major precursor of vitamin A

and provides a pleasant yellow-orange color to foods
(Chandler and Schwartz, 1988; Emodi et al., 1980; Metzner,
1978).

All-trans 6-carotene, the major carotene in SP,

exhibits the greatest vitamin A activity (Chandler and
Schwartz, 1988; Klaui and Bauernfeind, 1981), while the

other provitamin A carotenoids yield only approximately onehalf the vitamin A activity of 6-carotene (NRC, 1989).
The main cause for 6-carotene and other carotenoid

degradation is oxidation, effected by factors such as

presence of air, temperature, light, moisture, antioxidants,

and lipids (Arya et al., 1979; Chandler and Schwartz, 1988).
19

Heat isomerizes the all-trans 6-carotene to the cis-form

which possesses a lower vitamin A potential (Chandler and

Schwartz, 1988; Klaui and Bauernfeind, 1981; Nutting et al.,
1970). Chandler and Schwartz (1988) reported the formation

of predominately 13-cis B-carotene in sweet potato during

processing; the quantity formed was related to the severity
and length of the heat treatment.

Light enhances 6-carotene

(Emodi et al., 1980); and water has a protective

effect against carotenoid autoxidation (Clydesdale et al.,
1991).

According to Klaui and Bauernfeind (1981),

carotenoids are stable to heat in a system with a minimal
oxygen content.

Arya et al. (1979) reported that the rate of B-carotene

degradation decreased with increased water activity. They
^Iso reported that antioxidants such as butylated

hydroxyanisole, propyl gallate, and some fatty acid
methylesters enhanced stability of B-carotene.

Goldman et

al. (1983) reported that shelf-life of carotene in the dry
state was shorter than in the wet state. Nutting et al.

(1970) reported that dried parsley contained a higher
proportion of cis—isomers and a lower percentage of alltrans form of B-carotene than fresh parsley. They also
found that the total B-carotene of dried parsley stored for
3 mo in air and in nitrogen gas at 22°C decreased 10-15% and
3.5-10%, respectively, while that stored in air and in

nitrogen gas at -18°C showed no change.
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Baloch et al. (1987) reported that the combination of

proper blanching and sulphiting enhanced stability of
carotenoids of dehydrated carrot during storage at 21°C for
440 da.

Collins and Gurkin (1990) studied the effect of

oxygen, storage duration, and temperature on stability of Bcarotene of SP flour.

The presence of 2% oxygen in the

headspace gas significantly decreased B-carotene after
storage 6 wk.

The temperature of 0 to 21°C did not affect

B-carotene during storage.

Nitrogen as the headspace gas

increased stability of B-carotene of chips prepared from the
blend of SP flour and white potato flour during storage, but
B-carotene of the chips decreased 11.93% during 9 wk storage
(Manu, 1991).
I.

SENSORY CHARACTERISTICS OP STORED DEHYDRATED FOODS

Sensory attributes of dehydrated foods may be altered
during storage.

Lambou (1956) studied the effects of

storage time and temperature on the sensory properties of
dehydrated, raw SP.

Storage of the dry material at lO^C had

an undesirable effect on the odor and flavor as determined

in reconstituted samples.

Products made from dehydrated,

raw SP stored at 18.3 to 23.9®C had an off-flavor.

Of the

variables studied, temperature exerted the greatest effect.
Molaison et al. (1962), however, reported that taste

preference did not decrease for a product prepared from
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dehydrated diced SP stored at 70° F for 12 mo or at ambient

temperature for 6 yr.

Collins and Gurkin (1990) reported that

overall

acceptability scores of muffins prepared with SP flour
stored 6 wk were higher than those of muffins prepared with
SP flour stored 0 wk.

Color, texture, and overall

acceptability of salted SP chips stored under nitrogen gas
were preferred over those of similar chips stored under an

air atmosphere (Manu, 1991).
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CHAPTER III

MATERIALS AND METHODS

A.

SOURCE OP SWEET POTATO, SOY FLOUR, WHEAT FLOUR, AND EGG

Sweet potato (SP) roots of deep orange colored flesh,

jumbo size, and unknown cultivar were purchased from a local
food wholesaler.

Defatted soy flour (DSF) was obtained from

Central Soya Co., Fort Wayne, IN.

All-purpose wheat flour

(Gold Medal, General Mills, Inc., Minneapolis, MN) was
purchased from a local grocery store.

Pasteurized, frozen

whole egg packed by ISE America, Inc., Newberry, SC was used
also to prepare the pasta.
B.

PREPARATION OF SWEET POTATO

The SP roots were prepared to yield flour and puree.
The roots were.washed in water, sliced to 6.35 mm thickness

with a Hobart Slicer (Model 84 142, the Hobart Mfg. Co.,
Troy, OH), hand-peeled, diced to 6.35 mm dimensions with the

Hobart Dicer (Model 84 142, the Hobart Mfg. Co., Troy, OH),
heated 5 min in an atmospheric steam cooker, and cooled
under a spray of tap water.

Slices were held in 1% citric

acid prior to peeling and from peeling to dicing.

The

heated SP pieces were spread onto trays and stored at -12 to

-14®C before further processing into flour or puree.
To produce flour, SP pieces were dried at 60°C for 4 hr

in a cabinet dehydrator with drying continuing thereafter at
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43.33°C until the material was dry enough for grinding into
flour.

First, the dried SP was ground with a Viking Hammer

Mill (Viking Mfg. Co., Jackson, MI) to pass through a 10mesh sieve, with grinding continuing with a Homoloid Machine

(Model J, Fitzpatrick Co., Elmurst, XL) to pass through an
80-mesh sieve.

The SP flour was packed, sealed tightly in

plastic bags, and stored at -12 to -14°C until used.

To produce puree, SP cubes were dehydrated partially in

an air cabinet dehydrator at 60°C for 5 hr to reduce

moisture content from about 87% to about 65% and pureed 5
min in a Cuisinart Food Processor (Model DLC-7PR0,
Cuisinarts, Inc., Greenwich, CT).

The puree was filled into

plastic bags, sealed tightly, and stored at -12 to -14°C
until used.

C.

EXPERIMENT 1

Formulation of Pasta

Pasta for the control sample was prepared from the

following basic ingredients based on baker's percentage:
Wheat flour, all-purpose

100%

Water, approximately

25%

Frozen whole egg

10%

Salt

1%

Experimental samples of pasta were prepared according
to the previous basic formulation with a portion of the

wheat flour (approximately 11.14% moisture) being replaced
24

with equivalent portions of solids of soy flour and SP flour
or puree.

Levels of replacement were 0, 5, and 10% soy

flour; 10 and 15% SP puree; and 10% SP flour based on the

solids contents (Table 1).

The amount of water added was

adjusted to the moisture content of the ingredients

to

yield a final moisture content of dough of about 30-35%

which produced optimum consistency for handling (Abecassis
et al., 1989; D'Egidio et al., 1982).

Two replications were

prepared from each formulation in Table 1 and the control

sample to yield 20 samples.

Preparation of Dough and Pasta

The pasta dough was prepared on the basis of
flour.

600 g

All dry ingredients (all-purpose wheat flour, SP

flour, and salt) were combined, mixed, and passed through a
20-mesh sieve to ensure uniform mixing.

For the

formulations using SP puree ingredient, the SP puree was cut
into the dry ingredients.

The mixture of ingredients was

placed in a mixing bowl (KitchenAid Mixer, Model K45,

KitchenAid Inc., St. Joseph, MI) and mixed with dough-hook
at speed 1 for 1 min.

Water and egg were added and mixed at

speed 1 for 2 min, followed by mixing at speed 2 for 8 min

or until the dough stiffened.

The dough was rounded,

covered with plastic wrap, allowed to rest 30 min, hand-

kneaded 1 min, divided into approximately 100-g portions,
and sheeted to approximately 1.5 cm thickness with a wooden

rolling pin.

The sheet of dough was passed through a pasta
25

Table 1 - List of variation in pasta formula with added
defatted soy flour and sweet potato®

Defatted

Sweet potato

soy flour

(%)"

Sweet potato

puree

flour

(%)"

(%)''

0

10

0

10

0

15

5

10

5

10

5

15

10

10

10

10

10

15

® Based on solids contents.

° Baker's percentage.
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machine (Pasta Queen Machine, Himark Enterprises Inc.,
Hauppauge, NY) and reduced to 1.5 mm thickness beginning

with position No.l, repeating the process through the next
successive positions, and concluding with position No. 6.
The dough was cut into strips 5 mm wide, hung on rods, and
air-dried at 23-25°C for 4 hr.

aid the drying process.

A fan was run in the room to

The air-dried pasta was finished

dried in a cabinet dehydrator at 70°C for 4 hr, cooled to
room temperature, put into plastic bags, sealed, and stored
at -12 to -14°C until tested.

Preparation of Samples for Analyses
Samples for proximate- and 6-carotene analyses were
prepared according to AOAC (1990) method 945.38A.

The SP

puree and pasteurized, frozen whole egg were freeze-dried,
while samples of raw pasta were dried in a vacuum oven at

60°C at <25 mm Hg overnight.

The dried samples were ground

in a Wiley Mill (Intermediate Model, Macalaster Bicknell
Co., New Haven, CT) to pass through a 20-mesh sieve, sealed

in glass jars, placed in boxes, and stored at -14°C until
analyzed.

Moisture losses during drying were measured to

determine total or initial moisture contents of samples.

27

Proximate Analyses
Moisture

Moisture content was determined according to the AOAC
(1990) vacuum method 945.38B .

Duplicate ground samples of

2 g were dried in a vacuum oven at 98-100°C at <25 mm Hg to

constant weight.
Crude Protein

The crude protein content of the samples (pasta and

individual ingredients) was determined in duplicate with the

Kjeldahl method, using the Kjeltec 1015 Digester and Kjeltec
1026 Distilling Units (Tecator AB, Hoganas, Sweden).

Samples of 1-g ground material, 2 Keltabs (CuSO^) and 15 mL
sulfuric acid were mixed in 250 mL digestion tubes and
digested 45-60 min or until the liquid became clear.

The

digested samples were distilled with the Kjeltec 1026

Distilling Unit.

Protein content was determined for samples

containing wheat flour (N x 5.7) and for samples not
containing wheat flour (N x 6.25), according to the AOAC
(1990) method 979.09A.

Crude Fat

Crude fat content of samples was determined according
to AOAC (1990) method 945.38F.

Dry samples of 2 g were

extracted with 50 mL petroleum ether 4 hr in a 6-unit

Goldfish apparatus (Laboratory Construction Co., Kansas
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city, MO).

The extracted fat was dried 30 min at 100°C,

cooled in a desiccator, and weighed.
Ash

Ash was determined by AGAC (1990) method 942.05.
Duplicate samples of 2 g were ashed in a muffle furnace
(Model F-A1730, Sybron Co., Dubuque, lA) at 600°C to
constant weight.

Total Dietary Fiber

Total dietary fiber content of samples was determined
by the enzymatic-gravimetric method of Prosky et al.
(1985,1988).

Samples of 1 g were analyzed in duplicate.

Carbohydrate

Percentage of carbohydrate was calculated by

subtracting percentages of crude protein, crude fat, ash,
and total dietary fiber from 100% (AGAC, 1990).
fl-Carotene Determination

6-carotene was determined by a modification of the High

Performance Liquid Chromatography (HPLC) method of Cort as
presented by Holden (1985).

Samples of 2 g were extracted

with 50 mL HPLC-grade hexane 4 hr, using a Goldfish
apparatus.

The hexane was allowed to evaporate partially,

and the extract was transferred into a 50-mL volumetric

flask.

The beaker used to extract B-carotene was rinsed

with HPLC-grade hexane which was combined with the extract.
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Then the extract was diluted to 50 mL with hexane.

For

wheat flour, defatted soy flour, and the control samples,
10-g samples were extracted as stated above and the extracts
were diluted to 10 mL since their B-carotene contents were

very low.

The solution was filtered through a 0.45 /xm

acrodisc filter (Gelman Science, Ann Arbor, MI).

After

filtration, 5 applications of the solution, each of 20 /xL,
were injected into the HPLC system.
The HPLC unit was equipped with the Model 6000A solvent

delivery system, model U6K injector, ^xPoi^asil silica C-10
(3.9 X 300 mm dimension) column, and a Lambda-Max Model 480

LC Spectrophotometer with an absorbance detector (Waters
Association, Milford, MA).
nm.

Measurements were made at 452

Detector responses were printed with a Shimadzu

Chromatopac printer (Model C-R6A, Shimadzu Corp., Kyoto,
Japan) connected to the HPLC system.

The mobile phase was a

mixture of HPLC-grade hexane/acetone (85/15, v/v) which was
filtered through a 0.45 /xm Nylaflo Nylon Disc (Gelman
Science, Ann Arbor, MI) before use.

The flow rate of the

mobile phase was 2 mL/min.

The standard solutions consisting of 0.003 mg/mL all-

trans B-carotene (Sigma Chemical Co., St.

Louis, MO) in 5,

10, and 15 /liL hexane were injected into the HPLC with 5
applications to establish the standard curve for all the
pasta samples, except for the control samples.

The standard

solution of 40, 60, and 80 ^L were injected to establish the
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standard curve for SP puree and SP flour samples.

The

standard solution which contained 0.0003 mg/mL all-trans 6-

carotene in hexane of 5, 10, 15, and 20 /xL were injected
into the HPLC in 5 applications to establish the standard
curve for egg,

samples.

defatted soy flour, wheat flour, and control

Standard solutions were analyzed at 2 separated

times (2 replications), and no significant difference was
found when analyzed by the analysis of variance.

With the standard curve and the peak areas of samples,
the amount of 6-carotene in /xg/20 /xL-injected volume was

determined and 6-carotene (mg/100 g sample) was calculated
by the following equation:

mg B-carotene

(/xg-B-carotene)(vol extract)(10^ /xL)(mg)(100)

100 g sample

(20 /xL extract)(g sample)(mL)(10^ ^ig)

where /ixg-B-carotene = amount of B-carotene in the injected
sample in ng; and vol extract = total volume of extract
after dilution.

B-carotene values were calculated as

retinol equivalents (RE) of vitamin A using the expression:
6 fxg B-carotene = 1 RE (NRC, 1989).

Color Measurement

Color of the pasta samples was measured with the Hunter

Color Meter (Model D25M-2, HunterLab, Reston, VA).
L, 'a,' and 'b' were recorded.

Values

The instrument was

standardized against a white tile (No. 02-21125; L = 91.03,
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'a' = -1.3, and 'b' = 1.6).

The samples were cut into

approximately 2-cm lengths and approximately 20 mg of the
cut samples were held in a cuvette with optical glass bottom
to measure the color.

Determination of Cooking Loss

Cooking loss of pasta was measured by a modification of
the procedures of Mestres et al. (1990) and Wu et al.
(1987).

Twenty-gram samples of pasta were cooked in 600 mL

boiling tap water 11 min and drained in a colander 2 min;

cooking water was collected.

The cooking pan was rinsed,

and the rinse water was combined with the cooking water.

The cooking water was diluted to 450 mL with stirring, and
25 mL aliquots were evaporated to apparent dryness in an air
oven at 115°C.

Drying was continued at 105®C until the

samples reached constant weight.

The remaining solids were

weighed to determine cooking loss.

Cooking losses were

calculated from the amount of solids in the cooking water,
expressed as percentage of initial dry matter of pasta.
Sensory Evaluation

Samples of cooked pasta were analyzed by a 30-member

untrained panel which consisted primarily of Oriental
persons.

Panelists used a hedonic scale for evaluation of

color, flavor, and overall likeability and a scoring test to
evaluate the intensity of stickiness and tenderness

(Larmond, 1977; Penfield and Campbell, 1990).
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Sensory

evaluation was conducted over a period of 2 da, with 2
sessions per da:

mid-morning and mid-afternoon.

Panelists

evaluated 5 samples per session.

Pasta samples were cut into approximately 6-cm lengths
and approximately 60-80 g were cooked in random order in 1.5

L boiling tap water 11 min.

The cooked pasta was cooled

under tap water in a colander about 1 min before serving.
Samples were presented individually in random order in 2-oz

plastic cups coded with 3-digit random numbers.

Samples

were evaluated on an 8-point scale with 1 = dislike

extremely and 8 = like extremely for hedonic tests, and
1 = extremely tough and 8 = extremely tender for tenderness.

For stickiness, a 6-point scale was used with 1 = extremely
sticky and 6 = not sticky (Appendix A).

Panelists were

instructed to rinse the mouth between samples.
Statistical Analysis

The data for proximate composition, S-carotene, color,
and cooking loss were analyzed by a one-way analysis of
variance as a completely randomized design with 10
treatments and 2 replications, while the data of sensory
evaluation were analyzed as a completely randomized block

design (Ott, 1988).

Statistical analyses were performed

using the General Linear Model (GLM) procedure (SAS

Institute Inc., 1990).

Significant differences among means

of treatments was determined by the Tukey Test.

33

D.

EXPERIMENT 2

Selection of Formulation for Storage Study
Based on the sensory evaluation, cooking loss test, and
B-carotene analysis of the Experiment 1, the treatments of

10% DSF with 10% SP flour and 10% DSF with 15%SP puree were
selected for the storage study.
Preparation of Dough and Pasta
Dough and pasta from formulations of the above

treatments were prepared according to the procedure

described in Experiment 1, using a 700-g flour basis and

KitchenAid Mixer (Model KSMC50S, KitchenAid Inc., St.
Joseph, MI).

The ingredients were mixed at speed "stir" for

2 min, at speed 1 for 3 min, and at speed 2 for 5 min or
until the dough stiffened.
Storage Treatments of Pasta

One-half the amount of dry pasta prepared with each

formulation was packaged in plastic bags impermeable to air

and moisture.

Each bag contained approximately 100 g pasta.

The bags were evacuated at approximately 380 mm Hg and
sealed with the Multivac Machine (Model K14, Cryovac Co.,
Duncan, SC).

The other portion of pasta was packaged in a

plastic bag permeable to air and moisture and sealed at

pressure of approximately 660 mm Hg to facilitate sealing of

the package with the Multivac Machine without evacuating the
air from the bags.

The packages were stored at 4.4°C or at
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22-30°C in cardboard boxes for 0, 2, and 4 mo.

Two

replications were prepared to yield 16 samples for each
storage period (2 formulations x 2 packaging atmospheres x 2
temperatures).

The samples were evaluated after each

storage period for moisture content, color attributes,
B-carotene content, and sensory quality.
Moisture and B-Carotene Analyses
After each storage period, moisture and 6-carotene

contents of pasta products were determined by the procedures

described in Experiment 1.

For B-carotene analysis, the

standard solutions, containing 0.003 mg/mL all-trans
B-carotene of 1, 3, 5, and 7 /xL, were injected into the HPLC
system in 5 applications for each volume on each da which
samples were analyzed.

Samples were analyzed within 2 da

for each storage period; thus, the standard solutions were

injected into the HPLC on 6 separate da.

At the end of the

analysis period, the mean values of all injections on a
given da were analyzed by one-way analysis of variance to
determine significance among the means.
differences were found;

No significant

therefore, a standard curve was

established from the overall mean of all injections of a

given volume.

Amount of B-carotene in the sample was

determined from the curve.

35

Color Measurement

Color of pasta was measured by the Hunter method at the

end of each storage period

as described in Experiment 1.

Sensory Evaluation

Samples of cooked pasta were analyzed after each

storage period by a 25- to 29-member untrained panel
consisting of faculty members, staff, and students who
usually participate in sensory evaluations.

Panelists

evaluated color, flavor, and overall acceptabilities of the

samples, using an 8-point hedonic scale (Appendix B) as
described in Experiment 1.

Sensory evaluations were

conducted for 2 da (1 da per replication) between 9-11 a.m.

each day.

Panelists evaluated 8 samples per da from each

storage period.

Preparation and presentation of the samples

were the same as those presented and described in
Experiment 1.

Statistical Analysis
The data were subjected to analysis of variance as a
completely randomized block of factorials with 2

replications (Ott, 1988).

The factorials were 2x2x2x3

(SP type/amount x packaging atmosphere x storage temperature
X storage period).

The data of sensory evaluation were

arranged so that the panelists were nested in the storage
period since the panelists were not available for each

storage period evaluation (Ott, 1988). Statistical analyses
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were performed, using the General Linear Model (GLM)
procedure (SAS Institute Inc., 1990).

Significant

differences among means for main factors were determined by
the Tukey Test and for the interactions, by the Least

Squares Means method with PDIFF STDERR options (SAS
Institute Inc., 1990).

Means of the actual data of

significant interactions at the highest levels were plotted.
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CHAPTER IV

RESULTS AND DISCUSSION

A.

EXPERIMENT 1

Proximate Composition and B-Carotene of Raw Ingredients
The proximate components and B-carotene contents of the

raw ingredients used to prepare pasta are presented in
Tables 2 and 3, respectively.

All the component amounts of

the all-purpose wheat flour, except total dietary fiber
(TDF), agreed closely with those presented by Drake et al.
(1989).

The wheat flour used to prepare pasta contained a

greater level of TDF and a slightly greater amount of

6-carotene compared to that reported by Drake et al. (1989).
Amounts of proximate components in sweet potato (SP),
except TDF, agreed with those reported by Haytowitz and

Matthews (1984) and Woolfe (1992). The TDF value, however,
was similar to that reported by Woolfe (1992).

Factors

affecting differences of fiber content of SP include

cultivar, cultivation practices, growing areas, and method
used for fiber analysis (Woolfe, 1992).
6-carotene content of the SP puree was similar to that

reported by Haytowitz and Matthews (1984).

Per unit dry

weight, the SP flour provided more 6-carotene than the SP

puree.

This occurrence may be due to the longer exposure of

SP used for puree to higher temperature.
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The SP material

Table 2 - Proximate composition of raw ingredients used to prepare pasta

Components of solids

Ingredients
Moisture

(%)

All-purpose

8.50

wheat flour

Sweet potato flour

Sweet potato puree

5.19

63.97

CO

Defatted soy flour
Frozen whole egg

2.67

75.25

Crude

Crude

protein

fat

TDF*

Carbohydrate

11.08

1.04

0.57

2.59

84.72

(10.14)

(0.95)

(0.52)

(2.37)

(77.52)

6.09

0.89

2.49

15.95

74.58

(5.77)

(0.84)

(2.36)

(15.12)

(70.71)

5.87

0.53

2.35

(2.11)

(0.19)

(0.85)

15.80

(5.69)

75.45

(27.18)

52.30

0.84

6.70

17.37

22.79

(50.90)

(0.82)

(6.52)

(16.91)

(22.18)

48.81

(12.08)

34.87

(8.63)

N = 2.

* TDF = total dietary fiber.
'' Values in parentheses are expressed

Ash

on

wet

weight basis.

3.72

(0.92)

12.60

(3.12)

Table 3 - fi-carotene contents and retinol equivalents of
raw ingredients used to prepare pasta

Ingredients

fi-carotene

(mg/lOO g)

Retinol equivalents
(RE/100 g)

-DWE"-

All-purpose

0.01

wheat flour

(0.01)

Sweet potato flour

Sweet potato puree
Defatted soy flour
Frozen whole egg

2

(1.5)

55.06

9176

(52.20)

(8700)

30.15

5025

(10.86)

(1810)

0.02

4

(0.02)

(3)

0.42

70

(0.10)

(17)

N = 2.

* OWE = dry weight basis; values in parentheses are expressed
on wet weight basis; moisture contents are presented in

Table 2.
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was heated partially at 70°^^ for 5 hr before pureeing, while
SP for flour was heated at 70°C 4 hr before continuing at
60°C until dry enough to grind.
The amount of all proximate components, except TDF, and
6-carotene of defatted soy flour (DSF) agreed with those

reported by Haytowitz and Matthews (1986).

The DSF met the

American Soybean Association Standards of at least 50%

protein and not more than 2% fat (ASA, 1983).
The levels of all proximate components, except crude
fat, of pasteurized, frozen whole egg agreed with those
reported by Cook and Briggs (1986).

The low B-carotene

content (Table 3) was much greater than that of DSF, but was
only a fraction of that of SP.

Proximate Composition of Pasta

The treatments of added SP and/or DSF to the pasta
formulation affected all components of proximate
composition, except moisture (Table 4).

Moisture and ash

levels were affected by replication.
Moisture content of all treatments was similar which

indicated that the samples of pasta of all treatments were
dehydrated to a common level (Table 5).

The recommended

moisture content of pasta is 12% (Dick and Matsuo, 1988;
Hoseney, 1986; Matz, 1991).

Protein content of the pasta decreased with added SP as
evidenced at 0% DSF. Protein level increased with added DSF
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Table 4 - F-values from analysis of variance for proximate composition of pasta samples

Source

Df

Replication

1

34.85

Treatment''

9

0.56

Error'^

9

Moisture

liiA

-

Protein

0.01

809.35"*'*
-

TDF®

Carbohydrate

Fat

Ash

2.46

9.45

0.09

2.74

101.85"'"*'

106.67''"''

448.56'*'*'

15.56

-

4*

-

-

-

Significant at p<0.05.
Significant at p<0.01.

® TDF = total dietary fiber.

^ Pasta with 100% all-purpose wheat flour as control sample and pasta with 0, 5, and 10% defatted soy
flour each in combination with 10% sweet potato flour, 10% sweet potato puree, and 15% sweet potato

to

puree based on solids portion and baker's percentage.

^ Error mean squares for moisture, protein, fat, ash, TDF, and carbohydrate were 0.11, 0.01, 0.01, 0.002,
0.02, and 0.03, respectively.

Table 5 - Proximate composition of pasta with added sweet potato and defatted soy flour

Components of solids

Treatments'

Moisture

100%

wheat flour

Crude

(%)

protein

Crude
fat

Ash

6.28"

12.09'

1.47"

1.44'

TDF"

Carbohydrate

MC
82.55"

0% DSF with 10% SPF

6.61"

11.60*

1.36""

1.65*

4.43"

with 10% SPP

6.70"

11.66'

1.34""

1.65'

4.30'

81.06"

with 15% SPP

6.09"

11.36'

1.44"

1.73"

4.78"

80.70"

DSF with 10% SPF

6.30"

13.56''

0.85"

1.97"

4.92'

78.71'

with 10% SPP

6.54"

13.60"

1.13""'

1.90""

4.94'

78.45'

with 15% SPP

6.36"

13.37"

1.22""'

2.00"

5.69""

77.73'

5%
CJ

10% DSF with

80.97"

10% SPF

6.36"

15.58"

0.66'

2.29"

5.52"

75.97'

with 10% SPP

6.42"

15.64"

0.97""

2.30"

5.79""

with 15% SPP

6.30"

15.22"

0.86"

2.43"

6.11"

75.31'
75.40'

N = 2.

• DSF = defatted soy flour, SPF = sweet potato flour, SPP = sweet potato puree; based on solids content
and baker's percentage.

•> tDF= total dietary fiber.
Means within a column followed by different superscripts are different (p<0.05).

(Table 5).

Within DSF levels, type/amount of SP had no

effect on protein, except that 15% SP puree at 10% DSF

provided less protein than either type of 10% sweet potato.
At 0 and 5% DSF levels, a tendency existed for reduced
protein in 15% SP samples.

The reduction occurred because

the protein level of SP was lower than that of wheat flour
(Table 2).

All treatments at 0% DSF contained 4.5% less

protein than the wheat-flour control.

The DSF at 5%

increased protein 17.1 and 11.7% over 0% DSF and the control
treatments, respectively.
protein 14.6, 34.1, and

On average, DSF at 10% increased

28.0% over that of DSF of 5 and 0%

and the control, respectively.

Added SP did not reduce the fat content of the pasta as

evidenced by the treatments of 0% DSF.

Within DSF levels,

type/amount of SP had no effect on fat level.

Defatted soy

flour, however, tended to lower the fat content such that
all treatments at 10% DSF had less fat than the control.

The ash content was increased by both SP and DSF (Table
5) as both materials contained a greater level of ash than

wheat flour (Table 2).

Within DSF levels, type/amount of SP

had no significant effect on ash content; however, at 15% SP
a tendency existed for a greater ash level.

With one

exception, the 3 treatments within a given DSF level had
greater amounts of ash than the 3 treatments of the next
lowest DSF level.
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Total dietary fiber content increased with addition of
SP and DSF (Table 5).

At 0% DSF, the 3 treatments had an

average 82.2% more dietary fiber than the control.

Within

DSF levels, a tendency existed for a greater amount of

dietary fiber from 15% SP.

At 5% DSF the increased dietary

fiber from 15% SP was significantly greater than that of
both 10% SP treatments.

At 10% DSF, the increased dietary

fiber from 15% SP increased to a greater level than that
from 10% SP flour only.

On average, 5% DSF increased

dietary fiber 15.1 and 109.7% over 0% DSF and the control,
respectively.

The 10% DSF increased dietary fiber 12.2,

29.1 and 135.2% over DSF at 5 and 0% and the control,

respectively.

Such pasta products would offer an important

dietary fiber contribution since this substance is related

to prevention of some diseases (Dreher, 1987).

The Food and'

Drug Administration's regulations to take effect May 1994
will provide for Daily Recommended Values (DRV's) of 25 g
dietary fiber/day/2000 Kcal diet and 30 g dietary
fiber/day/2,500 Kcal diet (Federal Register, 1993).
The carbohydrate level of the control formulation

decreased with added SP as evidenced by treatments at 0% DSF
(Table 5).

Only at 5% DSF was the carbohydrate content from

15% SP greater than that of the 10% SP materials.

Carbohydrate content decreased progressively as DSF level
increased.
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Hunter Color Values

Adding SP and DSF to pasta affected the Hunter L, 'a,'

and 'b' values of the pasta samples (Table 6).

Replication

affected the L values.

Sweet potato added to the control formulation reduced

the L (lightness) values of the samples, producing darker
pasta as evidenced at 0% DSF (Table 7).

Within each DSF

level, type/amount of SP had no effect on L values.

Hunter

L tended to decrease as DSF level increased; yet only the
sample with 15% SP puree at 10% DSF was darker than all
samples at 0% DSF.

Hunter 'a' (redness) values increased with addition of

SP as indicated by the treatments with 0% DSF.

Hunter 'a'

of pasta with 10% SP flour or puree was not different from
each other across the 3 DSF levels; however. Hunter 'a'

values for pasta with 15% SP puree were higher than those
for pasta with either type of 10% SP.

Level of DSF had no

effect on redness of pasta samples.
The 'h' values (yellowness) increased with added SP as

evidenced at 0% DSF (Table 7).

At 0 and 5% DSF, pasta

prepared with 10% SP flour exhibited yellower color than
pasta prepared with 10 or 15% SP puree, between which no

difference existed.

Increasing levels of DSF produced some

significant lowering of 'b' values.

Nielsen et al. (1980)

reported that pasta fortified with pea powder possessed

desirable yellow color.

Bright yellow color of pasta is
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Table 6 - F-values from analysis of variance for Hunter color values, B-carotene, and cooking loss of
pasta samples

Color
Source

fl-carotene'

DF

Cooking
loss

L

'a'

'b'

Replication

1

12.31**

0.72

3.66

Treatments^

9

23.03**

204.74**

110.40**

Error*^

9

-

-

-

0.00

14.66**

40.88

51.22**

-

-

Significant at pcO.Ol.

F-values for J3-carotene were the same as those for retinol equivalents (RE).
Pasta was prepared with 100% all-purpose wheat flour served as control sample and with 0, 5, and 10%
defatted soy flour each in combination with 10% sweet potato (SP) flour, 10% SP puree, and 15% SP puree
based on solids content and baker's percentage.
Error mean square for Hunter L, 'a,' 'b,' fl-carotene, and cooking loss were 0.96, 0.10, 0.25, 0.11,
and 0.11, respectively.

Table 7 - Mean values of Hunter color, fi-carotene, retinol equivalents, and cooking loss of pasta with
added sweet potato and defatted soy flour

Color**
Treatments*

Cooking

i3-carotene

Retinol

(mg/100 g)

equivalents

loss

(RE/100 g)

(%)

'a'

DWB'
100% wheat flour

68.70"

2.00'

17.85*

0.02'

3'

6.79"

0% DSF with 10% SPF

61.80*

9.95"

32.05"

4.95""

with 10% SPP

825""

62.55"

10.10"

27.75*

3.50"

with 15% SPP

583"

10.05'

61.75*

12.50"

29.35"

5.26"

877"

11.09**
10.79"'

5%

DSF with

10% SPF

58.65** 10.85"

29.35"

3.66**

with 10% SPP

610**

61.05** 10.50"

26.65'

3.29"

with

15% SPP

549"

10.53*'

58.45" 13.50"

27.20'

5.02""

837""

12.28""

DSF with

11.96"*

00

10%

10.04'

10% SPF

57.90" 10.50"

27.90*

2.76*

with 10% SPP

459*

60.35** 10.70"

26.20'

3.19"

with 15% SPP

532"

11.09""'

57.10*

26.05'

4.43"*

739""'

12.86"

13.50"

N = 2.

DSF - defatted soy flour, SPF = sweet potato flour, SPP = sweet potato puree; based on solid parts and
baker's percentage.

*■ L = lightness, values increase as color becomes lighter ; 'a* and 'b' = redness and yellowness,
respectively, and values increase as color intensity increases.

* DWB = dry weight basis.

Means in a column followed by different superscripts are different (p<0.05).

acceptable to consumers (Dick and Matsuo, 1988).

Breen et

al. (1977) reported that yellowness and brightness of pasta
decreased as level of DSF,

full fat soy flour, lecithinated

soy flour, soy protein concentrates, or soy protein isolates

increased.

These findings compared similarly to those found

herein for pasta with increasing levels of soy flour.
B-Carotene Content

The addition of SP and DSF to wheat flour pasta
affected B-carotene content

(Table 6).

B-carotene was

increased by adding SP to wheat flour (Table 7) which

essentially did not contain B-carotene (Table 3).

On a per

unit basis, SP puree contained less B-carotene than SP

flour; however, the greater level of SP at 15%, provided

additional B-carotene.

Within 0 and 5% DSF levels, the

B-carotene level of pasta with 10% SP flour was not

different from that of pasta with 15% SP puree.

However,

the B-carotene level of pasta with 15% SP puree was greater
than that of pasta with 10% SP puree.

The SP flour

contained B-carotene at a higher level than SP puree (Table
3).

At 10% DSF, this trend did not continue, but samples

with 10% SP flour contained less B-carotene than samples
with 15% SP puree and similar amounts as samples with 10% SP
puree.

B-carotene content tended to decrease as DSF

increased.

The decline occurred because increasing levels

of DSF diluted the B-carotene content provided by SP
(Table 3).
49

Pasta with SP contained important amounts of provitamin
A, as expressed in retinol equivalents (RE) (Table 7).

On

average, pasta with SP alone provided a mean 762 RE/100 g,
about 76.1 % of the 1000 RE-Recommended Dietary Allowance

(RDA) for an adult male or 95.3%, for an adult female (NRC,

1989).

By adding 10% DBF to pasta with SP, the pasta sample

provided a mean 577 RE/100 g, approximately 57.7% of the RDA
for an adult male or 72.1%, for an adult female .

Cooking Loss

Addition of SP and DSF and replication affected cooking
loss of the pasta (Table 6).

Cooking loss increased with

addition of SP to the pasta as evidenced at 0% DSF (Table
7).

The mean cooking loss for samples with 0% DSF was

10.4%, a 1.5-fold increase over loss determined for the

control.

Within 0 and 5% DSF, cooking loss for pasta with

15% SP puree increased over that for both types of SP at
10%, between which no differences existed.

By increasing

the level of DSF, cooking loss tended to increase.

At 10%

DSF, both treatments with 10% SP lost greater amounts of
substance than similar treatments at 0% DSF.

These results

resembled those reported by Molina et al. (1975) for pasta

prepared with a blend of semolina and corn flour and by
Breen et al. (1977) for pasta prepared with protein

isolates.

Both groups reported increasing cooking losses

with greater levels of corn.

However, substitution of

semolina with heat-treated corn flour up to 60% did not
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affect cooking loss (Molina et al., 1982).

Bahnassey and

Khan (1986), Breen et al. (1977), Nielsen et al. (1980), and

Singh et al. (1989) reported increased cooking losses with
standard pasta (noodle and spaghetti types) when fortified

with legume flour and protein concentrates which included
pea flour, pea protein concentrates, or soy flour.

maximum acceptable cooking loss is 8% on DWB

The

(Dick and

Youngs, 1988).

Sensory Evaluation

Addition of SP and DSF to the pasta affected

acceptability and texture qualities (Table 8).

Replication

affected flavor acceptability and tenderness intensity,
while panelists affected each sensory quality determined.
The presence of SP flour at each level of DSF increased

color acceptability above that of the control (Table 9).

Neither percentage of SP puree affected color acceptability
scores compared to that of the control.

Added DSF had no

effect on color scores.

Pea flour or protein concentrate gave a desirable

yellow color to pasta prepared from wheat flour (Nielsen et
al., 1980).

Increased yellowness reportedly increased

consumer acceptance (Dick and Matsuo, 1988; Hoseney, 1986;

Matz, 1991).

The SP flour produced pasta with uniform color

but SP puree produced small orange colored spots (specks)
through out the pasta.

These spots might have affected

color scores adversely, as some of the panelists commented
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Table 8 - F- values from

analysis of variance for acceptability and texture intensity of pasta samples

Acceptability
Source

Color

Replication

Texture

intensity

Df
Flavor

Overall

Tenderness

Stickiness

2.95

4.19*

1.03

11.73**

2.70

29

10.65**

19.10**

19.37**

28.07**

18.34**

Treatments*

9

20.46**

3.07**

7.32**

2.63**

4.35**

Error'*

9

Panelists

1

-

-

-

-

-

Significant at p<0.05.

oi
ro

" Significant at p<0.01.

Pasta with 100% all purpose wheat flour as control sample and pasta with 0, 5, and 10% defatted soy
flour each in combination with 10% sweet potato (SP) flour, 10% SP puree, and 15% SP puree based on

solids portion and baker's percentage.

'' Error mean squares for color, flavor, overall acceptability, tenderness, and stickiness were 1.25,
0.70, 0.71, 0.65, and 0.67, respectively.

Table 9 - Mean values of acceptability and texture intensity of pasta with added sweet potato and
defatted soy flour

Acceptability''

Texture intensity

Treatments'
Color

100%

Oi
U)

wheat flour

Flavor

Overall

Tenderness"

Stickiness''

5.1"

6.0""

5.8'

0% DSF with 10% SPF

6.7"

6.2""

6.4"

6.0""

4.4""

with 10% SPP

5.5"

5.9""

5.8"'

5.9""

4.6"

with 15% SPP

5.7"

5.9""

5.8"'

6.2"

4.6"

5% DSF with 10% SPF

6.8"

6.3"

6.5"

6.0""

4.6"

with 10% SPP

5.4"

5.8"

5.7'

5.8""

4.5"

with 15% SPP

5.6"

5.9""

5.8""

6.0""

4.8"

10% DSF with 10% SPF

6.7"

6.2""

6.3""

5.7""

4.7"

with 10% SPP
with 15% SPP

5.4"

5.8""

5.8"'

5.6"

4.5"

5.5"

5.7"

5.8'

5.8""

4.7"

4.0"

N = 60.

DSF = defateed soy flour, SPF = sweet potato flour, SPP = sweet potato puree; based on solid parts and
baker's percentage.

1 = dislike extremely, 8 = like extremely.
'1 = extremely tough, 8 = extremely tender.

■' 1 = extremely sticky, 6 = not sticky.
Means in a column followed by different superscripts are different (p<0.05).

tn

that the presence of orange colored specks was unusual for
pasta.

All samples with 10% SP flour received scores to

indicate that they were scored between "like moderately" and
"like very much."

Samples prepared with SP puree received a

mean 5.5 score, placing them between the "like slightly" and

"like moderately" categories.

The presence of DSF had no

effect on color acceptability.
Sweet potato had no effect on flavor acceptability as

determined by scores within 0% DSF (Table 9).

The DSF had

no effect on flavor acceptability, except that pasta with 5%

DSF and 10% SP flour received a score higher than pasta with

5% DSF and 10% SP puree or with 10% DSF and 15% SP puree.
The panel scored all samples from just below to just above

the "like moderately" category.
Pasta with 10% SP flour received higher overall

acceptability scores than the control samples (Table 9).

At

0 and 5% DSF panelists scored overall acceptability of pasta

with 10% SP flour higher than pasta with SP puree.

The more

acceptable pasta samples with 10% SP flour were placed just

above the "like moderately" category while the other samples
were placed just below the same category.

Other researchers

reported that overall acceptability decreased when corn

flour, corn protein isolates, and soy products were added to

pasta prepared with semolina or wheat flour (Bahnassey and
Khan, 1986; Breen et al., 1977; Molina et al., 1975; Singh
et al., 1989; Wu et al., 1987).
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Neither SP nor DSF affected tenderness of the pasta
(Table 9).

The panel scored all the samples from just below

to just above the "moderately tender" category.

Sweet

potato reduced stickiness of pasta with one exception. The
10% SP flour at 0% DSF had no effect on stickiness.

No

differences in stickiness existed among any of the samples
with DSF at the 3 levels.

Thus, the addition of DSF to SP-

containing pasta had no effect on stickiness.

Bahnassey and Khan (1986) reported that flour of
legumes or defatted soy increased firmness of semolina

pasta.

Conversely, firmness

of similar pasta increased

with increasing levels of corn protein isolates (Breen et
al., 1977) or corn flour (Wu et al., 1987).
B.

EXPERIMENT 2

Hunter Color Values

The Hunter L, 'a,' and 'h' values were affected by all

factors studied, except packaging atmosphere (Table 10).
Several interactions affected one or more of the color
values. Replication affected L and 'a' values.

Sweet potato type/amount produced pasta with different

color values (Table 11).

Pasta with 15% SP puree was darker

(lower L), redder (higher 'a') and less yellow (lower 'b')
than pasta with 10% SP flour.
no effect on color.

The packaging atmosphere

had

Storage temperature influenced color;

at 4.4°C, the pasta was darker, redder and less yellow than
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Table 10 - F-values from analysis of variance for Hunter color
values of pasta as affected by storage condition

Color
Source

Df
L

Replication, R
Sweet potato, SP®

1
1

Packaging
atmosphere,PA°
Storage
temperature,
Storage

period, SPd°

136.83**
92.80**

'a'

143.21**
2613.59**

1

2.19

1

63.58*

1141.51**

'b'

0.35

633.05**
0.44

17.24**

2

81.17**

SP X PA

1

0.79

0.00

0.89

SP X T

1

0.59

2

PA X T

1

2.45

0.35

PA X SPd

2

1.69
o
0.01
o
H
5.44**

9.53**
10.25**

1.02

SP X SPd

T

X SPd

2

18.39**

SP X PA X T

1

0.28

0.40

SP X PA X SPd

2

3.39*

1.53

2.12

SP X T

X SPd

2

0.25

4.67*

PA X T

X SPd

4.02*

2

0.06

0.29

0.16

2

0.18

0.11

0.37

SP X PA X T X SPd

Error®

672.74**

«

10.11**
371.05**

23

—

7.40**

1.18

3.45*
15.93**
0.03

—

Significant at p<0.05.
Significant at p<O.Ol.

Sweet potato types and levels were 10% flour and 15% puree.
Packaging atmospheres were vacuum or air.

Storage temperatures were 22-30°C and 4.4°C.

Storage periods were 0, 2, and 4 mo.

Error mean squares for Hunter L, 'a.,' and 'b' were 0.13,

0.03, and 0.04, respectively.
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Table 11 - Mean values of Hunter color of uncooked pasta as
affected by sweet potato type/amount and storage
condition

Color®
Factor

Sweet potato
10% flour

6I.04P

15% puree

60.05'='

9.02'='
11.54P

26.69='

6O.55P
6O.54P

10.32P
IO.25P

27.46P
27.42P

6O.95P
60.13''

9.45''
11.IIP

27.57P
27.32''

59.74'"
60.53''
6I.35P

11.41P
10.25"
9.lO*"

27.32"
27.42P"
27.59P

28.I9P

Packaging atmosphere
Vacuum

With air

Storage temperature
22-30°C
4.4°C

Storage periods
0 mo
2 mo
4 mo

N = 24 for sweet potato, packaging atmosphere, and storage

temperature; 16, for storage period.

® L = lightness; values increase as color becomes lighter ;
'a' and 'b' = redness and yellowness, respectively, and
values increase as color intensity increases.

P'"" Means in a column within a factor followed by different
superscripts are different (p<0.05).
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pasta held at 22-30°C.
change color.

Storage for 4 mo caused the pasta to

During storage the L values increased, 'a'

decreased and 'h' increased; thus, the pasta became lighter,
less red and more yellow.

Carotenoids of food items are

known to oxidize under certain conditions such as contact

with air and exposure to higher temperatures.

The longer

the material is exposed, the greater the degree of
oxidation.

Loss of carotenoid concentration by oxidation

results in products of less intense color.

In the case with

SP, the color became faded, less red and yellower.
The differences in color of pasta with SP flour and

puree were due, it is believed, to the differences in type
and percentage of SP.

Collins and Abdul Aziz (1982)

reported that the crumb color of yeast-raised doughnuts
changed more extensively with added SP puree as opposed to
added SP flour.

With increasing amounts of SP puree, L

decreased and 'a.' increased at greater rates than with

increasing amounts of SP flour.
of this study.

These data agree with those

Hunter 'b' of the doughnut did not reflect

differences between SP flour or puree but did increase with
increasing amounts of both types of SP.
The L values were affected

by the interaction of SP x

packaging atmosphere x storage period (Fig. 1). Basically,
the

L values increased with continued storage; thus, the

pasta became lighter.

For the samples with 10% SP flour,

differences did not occur between the vacuum and air
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Fig- 1 - Effect of sweet potato x packaging atmosphere x storage period
interaction on Hunter L values (lightness) of pasta; values
increase as color becomes lighter.

treatments at any storage period.

The values for vacuum and

air treatment for the pasta with 15% SP puree were similar
at 0-mo storage only.

At 2 and 4 mo, the 2 values differed.

At 2-mo storage, L was lower for the air treatment, but at 4
mo, the rate of change increased such that L for the air

treatment became higher.

Likely, this change in rate made

the interaction significant.

Appendix C presents the means

with appropriate significance notations.

The L values of the pasta increased with storage

(Fig. 2).

However, the increase was greater for the pasta

held at 22-30°C.

Over the 4-mo period, L values for these

samples increased 4.0%.

At 4.4°C, the increase was 1.4%.

The L values for pasta held at the 2 temperatures were
different at 2 and 4 mo.

The means for the interaction are

presented in Appendix D.

Pasta lost red coloration with storage, but the

reduction depended upon temperature primarily (Fig. 3).

The

trend of change were similar between pasta with SP flour and

puree at a given storage temperature.

Over the 4-mo period,

pasta samples held at 4.4°C decreased in 'a' values by 5.4%
for 15% SP puree and 4.5% for 10% SP flour.

Greater losses

occurred at 22-30°C; the 4-mo storage period caused a 33.5%
decreased in 'a' for 15% SP puree and 34.3% loss for 10% SP

flour.

Comparatively, pasta with puree were redder.

The

findings indicate the need to hold dry pasta at refrigerated
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interaction on Hunter 'a' (redness) of pasta; values increase
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temperatures.

The means for the interaction are presented

in Appendix E.

Pasta held under vacuum or air lost redness ('a'

decreased) at similarly levels between 0- and 2-mo storage
(Fig. 4).

Furthermore, 'a' values were similar under both

atmospheres at 0- and 2-mo storage.

Between 2 and 4 mo, the

decrease of the 'a.' values of pasta under the 2 atmospheres
was different.

Pasta under vacuum lost less redness than

pasta held under air.

At 4 mo, pasta held under vacuum

retained greater redness.

Mean 'a' values are presented in

Appendix D.

Pasta of 10% SP flour and 15% SP puree held at 22-30°C

became yellower (higher 'b') with storage (Fig. 5, Appendix
E).

Pasta of both SP types when held at 4.4°C, however, did

not change yellowness during storage 4 mo.

Samples with SP

puree held under the 2 storage temperatures were not

different from each other at 0- and 2- mo storage, but
between the storage periods the trends for change differed.
Between 2- and 4-mo storage, the increase of 'b' for pasta

held at 22-30°C accelerated, while loss of 'b' for pasta
held at 4.4°C continued without change.

At 4 mo, pasta held

at 22-30°C became significantly more yellow than pasta held
4.4°C.

Pasta with 10% SP flour was yellower than pasta

with SP puree.

When stored for 4 mo at 4.4°C, pasta

yellowness did not change, but at 22-30°C, yellowness
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increased.

At 4 mo, pasta held at the higher temperature

was yellower than pasta held at 4.4°C.

The yellowness of pasta stabilized during storage when
held under vacuum, but tended to increase when held under

air (Fig. 6, Appendix D).

At 0 mo storage, 'h' was higher

for the samples held under vacuum than samples held under
air.

By the end of 4 mo, pasta held under air became

yellower than similar pasta at 0 mo storage but not yellower
than pasta held under vacuum for 4 mo.

Moisture Content

Sweet potato type/amount, packaging atmosphere, and

interactions of SP x storage period and storage temperature
X storage period affected moisture content of the pasta
(Table 12).

Across experimental conditions, pasta with 10%

SP flour and pasta held under vacuum contained higher
moisture contents than pasta with 15% SP puree and held

under air, respectively (Table 13).

The vacuum-packed

samples probably contained the slightly higher moisture

content than the air-packed samples because the bags used
for vacuum packaging were made of material impermeable to

moisture and air.

The plastic used for air-packaging was

permeable to moisture and air.

Storage temperature and

storage period had no effect on moisture.

66

0)

O

G

X}

27

c

X
ON

26

Vacuum

Air

25
0

2

4

Storage period (mo)
Fig,

6

Effect of packaging atmosphere x storage period interaction on
Hunter 'b' (yellowness) of pasta; values increase as color
intensity increases.

Table 12 - F-values from analysis of variance for moisture and
6-carotene of pasta as affected by storage
condition

Source

Df

Replication, R

1

0.00

1

67.16**

1

5.03*

1

2.63'

181.60**

177.30**

Sweet potato, SP''

Packaging

atmosphere, PA*^
Storage

temperature, T"

Moisture

B-carotene®

0.46

312.77**
3.37

Storage
period, SPd®

2

1.27

SP X PA

1

0.93

0.11

SP X T
SP X SPd

1

2.98

2

5.81**

16.64**
31.20**

PA X T

1

0.71

PA X SPd
T
X SPd

2

0.87

2

7.29**

SP
SP
SP
PA
SP

X
X
X
X
X

PA
PA
T
T
PA

Error^

X
X
X
X
X

0.50
0.78

63.45**

T

1

0.84

2.41

SPd

2

0.87

0.41

SPd

2

0.43

4.55*

SPd

2

0.06

0.77

2

0.03

0.16

T X SPd

23

Significant at p<0.05
Significant at p<0.01

F-values for 6-carotene in mg/ 100 g were the same as

those

of retinol equivalents.

Sweet potato types and levels were 10% flour and 15% puree,
Packaging atmosphere were vacuum or air.

Storage temperatures were 22-30®C and 4.4°C.

Storage periods were 0, 2, and 4 mo.
Error mean squares for moisture and E-carotene were 0.03
and 0.01, respectively.
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Table 13 - Mean values of moisture, 6-carotene, and retinol

equivalents of uncooked pasta as affected by

sweet potato type/amount and storage condition

Factor

Moisture

Retinol

B-carotene

(mg/100 g)

(%)

equivalents
(RE/100 g)

-DWB®

Sweet potato
10% flour

15% puree

6.94P
6.54'^

1.SSP
2.O4P

254''

6.79P
6.69''

I.8IP
1.76P

302P
293P

6.70P
6.78P

l.SSP
1.98P

265''
330P

6.69P
6.75P
6.78P

2.I4P
1.74''
1.47'"

357P
289P
246''

340P

Packaging atmosphere
Vacuum

With air

Storage temperature
22-30°C
4.4°C

Storage period
0 mo
2 mo

4 mo

N — 24 for sweet potato, packaging atmosphere, and storage

temperature; 16, for storage period.
® DWB = dry weight basis.

P'"" Means in a column within a factor followed by different
superscripts are different (p<0.05).
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The moisture contents of the pasta samples and the

changes in moisture were affected by the SP type/amount x
storage period interaction (Fig. 7, Appendix G).

All

samples with 10% SP flour contained more moisture than

samples with 15% SP puree.

During storage 4 mo, samples

with 10% SP flour underwent no significant moisture changes.
Samples with 15% SP puree, however, underwent an increase
between the 2— and 4-mo periods.

No plausible explanation

for the moisture increase can be given.

However, one may

surmise that environmental changes such as an increase in

relative humidity could have influenced moisture gain,

especially for samples packaged in plastic bags permeable to
moisture and air.

No moisture changes occurred between 0-

and 2-mo storage.

Pasta samples held at 22-30°C for 0, 2 and 4 mo and at
4.4®C for 0 and 2 mo contained similar moisture contents

(Fig.8, Appendix H). The samples held at 4.4°C for 4 mo,
however, contained a higher moisture content.

No plausible

explanation can be given for the trends followed by moisture
contents at 4 mo, other than that given for changes
presented in Fig. 7.
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B-Carotene Content

The SP type/amount, storage temperature, storage
period, and several interactions affected 6-carotene content

of the pasta (Table 12).

Pasta with 10% SP flour contained

25% less B-carotene than pasta with 15% SP puree (Table 13).
The higher level of SP should provide a greater amount
of 6-carotene; however, the differences in procedure used to
produce the 2 SP forms might have affected 6-carotene

stability differently.

This point is unanswerable from

these data.

Vacuum packaging did not preserve 6-carotene more

effectively than air packaging (Table 13) as hypothesized.
Collins and Gurkin (1990), working with SP flour under

different storage conditions, found that the presence of
2% ©2

reduced 6-carotene by 4.3% compared to the presence

of 0% ©2 (vacuum packaged).
Storage

at 22-30°C adversely affected 6-carotene

stability over that at 4.4°C (Table 13).

A 19.7% reduction

of 6-carotene was found in pasta held at the higher
temperature.

Contrary to this finding, Collins and Gurkin

(1990) found no differences in 6-carotene content of SP

flour held at 0, 7, 14 and 21°C.

6-carotene content decreased during storage (Table 13).

Since a portion of the samples was exposed to O2 and
elevated temperature which reduced 6-carotene, it is
understandable that the pigments deteriorated.
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Collins and

Gurkin (1990) actually recorded increasing values for Bcarotene as storage of SP flour was stored up to 6 wk.

They

theorized that extractability increased with extended
storage time.

Figure 9 presents the effect of the SP x storage
temperature x storage period interaction.

6-carotene loss

in pasta with 15% SP puree held at 22-30°C was greater than
that for pasta with 10% SP flour held at 22-30°C.

For pasta

with 10% SP flour held at 4.4°C, no significant loss

occurred during the 4-mo storage.

All groups, except that

with 10% SP flour at 4.4°C, experienced a loss of 6-carotene
with each extension of storage.

6-carotene was found at

higher levels in pasta with 15% SP puree held at 4.4°C than
in pasta with 10% SP flour held at 22-30°C and 4.4°C.

Regardless of the type of SP used, storage should be under
refrigerated conditions.

The means for this interaction are

presented in Appendix I.

Retinol equivalents (RE) values followed the same

trends as the 6-carotene values (Table 13).

On average, a

113-g serving of pasta contained 336 RE, a reasonably
satisfactory level for supplying the necessary amounts of

vitamin A for human nutrition.

The amount would supply

33.6% of the 1000 RE recommended for adult males and 42.0%

of the 800 RE recommended for adult females (NRC, 1989).
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Sensory Characteristics
Color, flavor, and overall acceptability scores of the

pasta samples were affected by panelists and type/amount of
SP (Table 14).

Storage temperature affected flavor and

overall acceptabilities.

Three interactions

for color

acceptability were significant: SP x storage temperature, SP

X storage period, and storage temperature x storage period.
No interactions were significant for the 2 other attributes

measured.

Panel differences were expected with the use of

hedonic test.

The panel assigned higher acceptability scores to pasta

with 10% SP flour than to pasta with 15% SP puree(Table 15).
Thus, pasta with 10% SP flour was considered to be midway
between "like moderately" and "like very much" for color

acceptability and just higher than "like moderately" for
flavor and overall acceptabilities.

Pasta with 15% SP puree

was considered to be "like slightly" for color acceptability
and just higher than "like slightly" for flavor and overall
acceptabilities.

Pasta stored at 4.4°C received higher flavor and
overall acceptability scores, albeit differences were small

in magnitude, than pasta stored at 22-30°C (Table 15).
Storage temperature did not affect color acceptability.

All

the samples were considered to be between "like slightly"

and "like moderately."

Neither packaging atmosphere nor

storage period affected acceptability of the pasta.
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Table 14 - F-values from analysis of variance for
acceptability of cooked pasta as affected by
storage condition

Acceptability
Df

Source

Color

Flavor

Overall

)XC

Replication, R
Panelist(SPd)®

Sweet potato, SP''
Packaging
atmosphere, PA"^

1
80
1

0.01

9.60**
755.85**

1

0.10

1

1.36

3.49
00
9.35

0.54

•

131.84**

9.11**
284.86**

0.00

Storage

temperature, T''

4.31*

Storage

period, SPd®

0.00

2

1.85

0.15

0.22

1

0.05

0.93

0.25

SP X T

1

1.22

2

6.45**
3.15*

0.19

SP X SPd

0.14

0.05

SP X PA

PA

X T

1

0.07

0.37

0.43

PA X SPd
T
X SPd

2

0.20

0.58

0.97

2

4.50*

1.05

0.57

SP X PA X T

1

0.02

0.07

0.06

SP X PA X SPd

2

0.22

0.25

0.68

SP X T

X SPd

2

1.59

0.00

0.14

PA X T

X SPd

2

0.92

0.25

0.20

2

0.65

0.71

0.09

SP X PA X T X SPd

Error^

1223

—

—

Significant at p<0.05.
Significant at p<0.01.
Panelists nested within storage period.
Sweet potato types and levels were 10% flour and 15% puree.
Packaging atmospheres were vacuum or air.
Storage temperatures were 22-30°C and 4.4°C.

Storage periods were 0, 2, and 4 mo; Panelist (SPd) used as
error term.

Error mean squares for color, flavor, and overall

acceptability were 1.08, 1.06, and 0.95, respectively.

77

Table 15 - Mean values of sensory scores of acceptability of
cooked pasta as affected by sweet potato
type/amount and storage condition

Acceptability®
Factor
Color

Flavor

Overall

6.5P
5.0''

6.IP
5.4''

6.IP

5.8P
5.7P

5.7P
5.7P

5.7P
5.7P

5.8P
5.7P

5.7''
5.8P

5.6''
5.7P

0 mo

5.5P

2 mo

5.7P
6. OP

5.7P
5.7P
5.8P

5.6P
5.6P
5.7P

Sweet potato
10% flour

15% puree

5.2''

Packaging atmosphere
Vacuum

With air

Storage temperature
22-30°C
4.4°C

Storage period

4 mo

N = 664 for sweet potato level, packaging atmosphere, and
storage temperature; 400, for 0-mo storage period; 464,

for 2- and 4-mon storage periods.

® 1 = dislike extremely; 8 = like extremely.
P"'' Means in a column within a factor followed by different
superscripts are different (p<0.05).
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storage temperature differences had no effect on color

acceptability scores of pasta prepared with 10% SP flour;

however, pasta with 15% SP puree received a higher score

when held at 22-30°C than at 4.4°C (Fig.

10, Appendix J).

This finding was due to reduction of color intensity of
orange spots as pasta was exposured to higher temperature;

this change resulted in development a more uniforiii color.
Comparatively, pasta with 10% SP flour held at both

temperatures received higher scores than pasta with 15% SP

puree held at both temperatures.

Apparently, the panel

preferred the more uniform color imparted by the SP flour.

Some panelists commented that orange color spots were
unusual in pasta products.

The interaction of SP type/amount x storage period
affected color acceptability (Fig. 11, Appendix K).

For

pasta with both types of SP, a trend existed for increased

color acceptability over storage time.

Both pasta types

became more acceptable at 4-mo storage period than at 0-mo
storage.

Color acceptability for 10% SP flour-pasta

increased within 0— and 2—mo storage, while acceptability
for 15% SP puree-pasta increased within the last 2-mo

storage.

Probably the reduction of orange and yellow colors

enhanced color acceptability of pasta.

A few panelists

commented that pasta with 10% SP flour was too yellow.
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and 7 = like very much.

Sighi?y

"J-siiKe slightly

Color acceptability of the pasta samples was affected

by the interaction of storage temperature x storage period
(Fig. 12, Appendix K).

At 22-30°C, scores increased after 2

mo storage , but no change occurred thereafter.

At 4.4°C,

scores did not change during the first 2 mo storage, but the
score increased during storage to 4 mo.

While these data

represent significant changes, the magnitude of difference
was small.

Actually, only at the 2-mo period did a

difference occur between the 2 temperatures.

Thus, an

overall trend existed for changes in color acceptability
over the 4-mo period.
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CHAPTER V

SUMMARY AND CONCLUSIONS

Objectives of this experiment were to determine

proximate analysis, 6-carotene content, cooking loss, and
sensory attributes of pasta prepared with wheat flour, sweet
potato (SP) flour or puree, and defatted soy flour (DSF)
(Experiment 1) and, for 2 selected formulations, to

determine effects of packaging atmosphere, storage
temperature, and storage period on Hunter color, moisture
and 6-carotene contents, and sensory characteristics
(Experiment 2).

Sweet potato (Ipomoea batatas Lam) roots, orange
colored, were prepared as flour and puree.

Cleaned roots

were sliced to 6.35 mm, hand-peeled, diced to 6.35 mm,
heated 5 min in an atmospheric steam cooker, and cooled
under water spray.

solution.
flour.
pureed.

Slices were held in 1% citric acid

A portion of SP dice was dried and ground into

The other portion was dehydrated partially and
The DSF was supplied by Central Soya, Co., Fort

Wayne, IN.

Pasta was prepared from a formulation containing 100%
wheat flour and modified formulations in which a portion of
wheat flour was replaced with DSF and/or SP.

The DSF levels

were 0, 5, and 10% DSF; SP levels were 10% SP flour and 10

and 15% puree.

Water was added to produce uniform
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consistency.

The dough was prepared, sheeted to 1.5 mm, cut

into 5 mm strips, and dried.

The dried pasta was analyzed

as stated in objectives of Experiment 1.

Two treatments

were selected for storage study: 10% DSF with 10% SP flour
and 10% DSF with 15% SP puree.
One-half of the dry pasta was packaged under vacuum and

the other portion was packaged under air in suitable plastic
bags.

Samples were stored at 22-30°C or 4.4°C for 0, 2, and

4 mo.

Pasta was analyzed as stated in objectives of

Experiment 2.

Experiment 1 conclusions:

1.

Addition of SP to pasta increased ash and total

dietary fiber (TDF) and decreased protein and
carbohydrate; while added DSF increased protein,
ash, and TDF and decreased fat and carbohydrate.
2.

Added SP decreased Hunter L and increased 'a' and

'b' of the pasta, while DSF decreased the L and 'b'

of SP-containing pasta.
3.

Hunter 'a' was unchanged.

The SP provided significant amounts of 6-carotene
to the pasta, while DSF decreased B-carotene of the

SP-containing pasta.

4.

The SP increased cooking loss of pasta 1.5-fold;
DSF tended to increase cooking loss further in SPcontaining pasta.

5.

Color and overall acceptabilities of pasta

increased with added SP flour; SP puree and DSF had
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no effect on pasta acceptability.

Neither SP nor

DSF affected tenderness of pasta.

Puree, but not

flour, of SP reduced stickiness of pasta.

DSF had

no effect on stickiness of SP containing pasta.
Experiment 2 conclusions:

1.

Pasta with SP puree was darker, redder, and less
yellow than pasta with SP flour.

2.

Storage conditions affected Hunter color of the
pasta as follows:

a.

Vacuum and air packaging did not affect color
of the pasta differently.

b.

At 22-30°C, Hunter L and 'h' were higher than
at 4.4°C; 'a' was higher at 4.4°C.

c.

During storage, L and 'b' increased while 'a'
decreased.

d.

Between/among the storage factors, several
significant interactions occurred.

3.

Overall, moisture was higher in pasta with SP flour
or stored under vacuum, but storage temperature and
storage period had no effect.

4.

J3-carotene was higher in pasta with SP puree or
stored at 4.4°C; packaging under vacuum or air had
no effect on 6-carotene.
6-carotene decreased.

During storage,

Several interactions

occurred between/among the storage conditions.
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5.

Pasta with SP flour was more acceptable than pasta
with SP puree.

When stored at 4.4°C, pasta had

more acceptable flavor and overall acceptabilities.
Several significant interactions occurred for
color.

In general, one may conclude that pasta with added SP

and DSF produced an acceptable product to provide important
amounts of nutrients such as protein, provitamin A, and

dietary fiber.

Sweet potato flour produced more acceptable

pasta than SP puree.

Pasta was stored successfully under

air in plastic bags with greater retention of product
qualities at 4.4°C.
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Appendix A - Sensory score sheet for hedonic and scoring tests
of Experiment 1

Paneli.S't numbeir

Saaple nuaiber

You will receive 5 samples of pasta today. Please indicate how well you
like or dislike the color, flavor, and overall acceptability of the sample
by checking the term that best described your feelings toward that sample.
Also indicate whether the sample is tender or tough and sticky or not
sticky. Use a clean spoon for each sample. Rinse your mouth with water
before tasting the next sample.
Color

Flavor

Like extremely

Like extremely

Like moderately
Like slightly

Like moderately
Like slightly

Like very much

Dislike
Dislike
Dislike
Dislike

Like very much

slightly
moderately
very much
extremely

Dislike
Dislike
Dislike
Dislike

Overall acceptabilitv

slightly
moderately
very much
extremely

Tenderness

Like extremely

Extremely tender

Like moderately
Like slightly
Dislike slightly
Dislike moderately

Moderately tender
Slightly tender
Slightly tough
Moderately tough

Dislike extremely

Extremely tough

Like very much

Very tender

Dislike very much

Very tough

Stickiness

Not Sticky
Trace of stickiness

Slightly sticky
Moderately sticky
Very sticky

Extremely sticky
Cosutents:
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Appendix B - Sensory score sheet for hedonic tests of
Experiment 2

Panelist number

Ssuaple number

You will receive 8 samples of pasta today. Please indicate how

well you like or dislike the color, flavor, and overall
acceptability of the sample by checking the term that best

describes your feelings toward that sample.
Color

Like extremely

Like very much

Like moderately
Like slightly
Dislike slightly
Dislike moderately
Dislike very much
Dislike extremely
Flavor

Like extremely
Like very much

Like moderately

Like slightly
Dislike slightly
Dislike moderately
Dislike very much
Dislike extremely
Overall acceptabilitv

Like extremely
Like very much

Like moderately
Like slightly

Dislike slightly

Dislike moderately

Dislike very much
Dislike extremely
Comments:
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Appendix C - Mean values of Hunter color L of uncooked pasta
as affected by interaction of sweet potato x

packaging atmosphere x storage period

Sweet potato

10% flour

Packaging

Storage

atmosphere

period

Vacuum

0 mo

60.43^"

2 mo

60.99''®
ei.ssf*'

4 mo

Air

0 mo

60.08"''

2

61.29^'''
61.88P

mo

4 mo

15% puree

Vacuum

0

mo

2 mo
4 mo

Air

Color L®

0

mo

2 mo
4 mo

N = 4.

59.39"

60.24*"
60.66®*
59.09"
59.61""
61.29*''"

® L = lightness; values increase as color becomes lighter.
P" Means within column followed by different superscripts are
different (p<0.05).
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Appendix D - Mean values of Hunter color values of uncooked
pasta as affected by interactions of packaging
atmosphere x storage period and storage
temperature x storage period

Color®

Storage period

Factor

Packaging atmosphere X storage period
Packaging atmosphere
Vacuum

0 mo

59.91®
60.61''
61.12''

II.33P
10.24'"
9.38®

27.44''
27.43''
27.53P''

2 mo

59.58®
60.45'"

4 mo

61.58P

11.48P
10.25'"
9.01*

27.19'"
27.41''
27.66P

2 mo

4 mo

With air

0 mo

Storage temperature x storage period

Storage temperature
22-30°C

0 mo

59.76*®
60.98''
62.13P

II.39P
9.42®

0 mo

59.73*®

2 mo

60.09®
60.58'"

11.42P
11.08''
10.85'"

2 mo

4 mo

4.4''C

4 mo

7.54*

27.25'"
27.51''
27.93P

27.38'''"
27.33'''"
27.25'"

N = 8.

® li = lightness; values increase as color becomes lighter.
'a.' and 'h' = redness and yellowness, respectively, and
values increase as color intensity increases.

P"* Means in a column within each interaction followed by
different superscripts are different (p<0.05).
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Appendix E - Mean values of Hunter color 'a' and 'b' of
uncooked pasta as affected by interaction of

sweet potato x storage temperature x storage
period

Sweet potato

Storage
temperature

Color®

Storage

period
'a'

10% flour

22-30°C
•

o

O

0

mo

10.06*

2

mo

8.13"

28.06''
28.31P''

4 mo

6.61*

28.49P

0 mo

10.01*

2 mo

9.76"
9.56"

28.08''
28.14''
28.09"

I2.73P
10.71®
8.46''

26.71®
27.39'"

I2.83P
12.39''
12.14""

26.69®*
26.51®*
26.41*

4 mo

15% puree

22-30''C
U
o

•

'b'

0 mo
2 mo
4 mo
0 mo

2 mo
4 mo

26.44®*

N = 4.

® 'a' and 'b' = redness and yellowness, respectively, and
values increase as color intensity increases.

^* Means in a column followed by different superscripts are
different (p<0.05).
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Appendix F — Mean values of Hunter color 'a' of ucooked pasta
as affected by interactions of sweet potato x
storage temperature and sweet potato x storage
period

Sweet potato

Factor

Color 'a'®

Sweet potato x storage temperature
Storage temperature
10% flour

15% puree

22-30°C

4.4°C

8.27®
9.78'"

22-30°C
4.4°C

10.63''
I2.45P

Sweet potato x storage period
Storage period
10% flour

15% puree

0 mo

10.04®

2 mo

8.94^

4 mo

8.08"

0 mo

I2.77P
11.55*^
10.33'"

2 mo
4 mo

N = 12 for storage temperature; 8, for storage period.

® 'a' = redness; values increase as color intensity
increases.

P" Means in the column within each interaction followed by
different superscript are different (p<0.05).
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Appendix G - Mean values of moisture, 5-carotene, and retinol
equivalents of uncooked pasta as affected byinteractions of sweet potato x storage period and
sweet potato x storage temperature

Moisture

Sweet potato

Factor

(%)

6-carotene

Retinol

(mg/100 g)

equivalents
(RE/100 g)

-DWB®

Sweet potato x storage period
Storage period
10% flour

15% puree

0 mo
2

mo

4

mo

0 mo
2 mo
4 mo

6.91P
7,03P
6.87P

1.73''

289'"

1.50^
1.34''

250^
224"

5.47''
6.46'"
6.70''

2.55P
1.97''
1.61®

426P
328"
268®

Sweet potato X storage temperatue
Storage temperature
10% flour

15% puree

22-30°C
4.4°C

22-30°C
4.4°C

—

-

—

mm

1.39®
1.66''

231®

1.79"
2.30P

298"
383P

277''

N = 12 for storage temperature; 8, for storage period.

^ DWB = dry weight basis.
P'" Means in a column within each interaction followed by
different superscripts are different (p<0.05).
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Appendix H - Mean values of moisture, B-carotene, and retinol
equivalents of uncooked pasta as affected byinteraction of storage temperature x storage
period

Storage
temperature

Storage

period

Moisture

(%)

6-carotene

(mg/100 g)

Retinol

equivalents
(RE/100 g)

-DWB®

22-30°C

0

mo

6.71^

2.17P

2 mo

6.78'"
6.62''

1.50®

361P
250®

1.10^

183^

6.671
6.71"
6.95P

2.I2P
1.971
l.OS""

354P
329I
308'"

4 mo

4.4°C

0 mo
2 mo
4 mo

N = 8.

® DWB = dry weight basis.

Means in a column followed by different superscripts are

different (p<0.05).
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Appendix I - Mean values of B-carotene and retinol equivalents
of uncooked pasta as affected by interaction of
sweet potato x storage temperature x storage
period

Sweet potato

Storage
temperature

Storage
period

6-carotene
Retinol
(mg/100 g) equivalents
(RE/100 g)
■DWB®

10%

flour

•
•

22-3 0®C

0

mo

O

2

mo

4

mo

0

mo

2

mo

4

mo

0

mo

2

mo

4

mo

o
o

15% puree

N

=

22-30®C

0

mo

2

mo

4

mo

1.75®

292®

1.06"

177"

1.35*

225*

1.71®
1.65®
1.62®

286®
276®
270®

2.58P
1. 65®
1.13"

430P
274®
189"

2.53P
2.29''
2.07''

422P
382''
346''

4.

® DWB = dry weight basis.

P"" Means in a column followed by different superscripts are
different (p<0.05) .
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Appendix J - Least square means of sensory scores for color

acceptability of cooked pasta as affected by
interaction of sweet potato x storage temperature

Sweet potato

10% flour

15% puree

Storage temperature
22-30°C

Color®

4.4°C

6.5P
6.6P

22-30°C
4.4°C

4.8'"

N = 332.

5.1'^

® 1 = dislike extremely, 8 = like extremely.
Means within the column followed by diffrent superscripts
are different (p<0.05).
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Appendix K - Mean values of sensory scores for color
acceptability of cooked pasta samples as affected
by sweet potato x storage period and storage
temperature x storage period interactions
•

o

O

Storage period

Factor

Color®

Sweet potato x storage period
Sweet potato
0 mo

10% flour

2 mo
4 mo

15% puree

0 mo
2 mo
4 mo

6.4''
6.6P
6.6P
4.7®
4.9®
5.3''

Storage temperature x storage period

Storage temperature
22-30°C

0 mo
2 mo
4

mo

0 mo
2 mo
4

mo

S.SP
5.9P
6.OP
s.e''
5. e''
5.9P

N = 200 for 0 mo storage and 232 for 2 and 4 mo storage.
® 1 = dislike extremely, 8 = like extremely.
Means within each interaction followed by different
superscripts are different (p<0.05).
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